Objective To define the impact of hospital teaching status on length of stay and mortality for patients undergoing complex hepatopancreaticobiliary (HPB) surgery in the USA. Methods Using the Nationwide Inpatient Sample, we identified 285,442 patient records that involved a liver resection, pancreatoduodenectomy, other pancreatic resection, or hepaticojejunostomy between years 2000 and 2010. Year-wise distribution of procedures at teaching and non-teaching hospitals was described. The impact of teaching status on in-hospital mortality for operations performed at hospitals in the top tertile of procedure volume was determined using multivariate logistic regression analysis. Results A majority of patients were under 65 years of age (59.6 %), white (74.0 %), admitted on an elective basis (77.3 %), and had a low comorbidity burden (70.5 %). Ninety percent were operated upon at hospitals in the top tertile of yearly procedure volume. Among patients undergoing an operation at a hospital in the top tertile of procedure volume (>25/year), non-teaching status was associated with an increased risk of in-hospital death (OR 1.47 [1.3, 1.7]). Other factors associated with increased risk of mortality were older patient age (OR 2.52 [2.3, 2.8]), male gender (OR 1.73 [1.6, 1.9]), higher comorbidity burden (OR 1.49 [1.3, 1.7]), non-elective admission (OR 3.32 [2.9, 4 .0]), and having a complication during in-hospital stay (OR 2.53 [2.2, 3.0]), while individuals with private insurance had a lower risk of in-hospital mortality (OR 0.45 [0.4, 0.5]). After controlling for other covariates, undergoing complex HPB surgery at a non-teaching hospital remained independently associated with 32 % increased odds of death as (OR 1.32, 95 % CI 1.11-1.58; P <0.001). Conclusions Even among high-volume hospitals, patients undergoing complex HPB have better outcomes at teaching vs. nonteaching hospitals. While procedural volume is an established factor associated with surgical outcomes among patients undergoing complex HPB procedures, other hospital-level factors such as teaching status have an important impact on perioperative outcomes.
Introduction
Every year, over 50 % of all patients admitted to hospitals in the USA are admitted to a teaching facility even though teaching hospitals constitute only 24 % of all American Hospital Association registered hospitals and 34 % of all hospitals reporting data to the Agency for Healthcare Research and Quality. 1, 2 Teaching hospitals differ from non-teaching hospitals in many ways, especially in their focus on integrating medical education as part of patient care. 3 Differences in hospital teaching status have been reported to impact treatment choices and patient outcomes. 4, 5 However, past reports on a wide variety of surgical procedures comparing teaching vs. non-teaching hospitals have shown mixed results regarding whether there are differences between in-hospital outcomes. In general, some studies have suggested that outcomes at teaching hospitals were equivalent to non-teaching hospitals for lower risk procedures and perhaps better for high-risk procedures.
Improving outcomes for patients undergoing complex hepatopancreaticobiliary (HPB) procedures is of particular importance. HPB surgery commonly includes procedures such as pancreatoduodenectomy (PD) and distal pancreatectomy, as well as partial and anatomical liver resections. While the mortality associated with these procedures has dramatically decreased over that last several decades, the morbidity remains high, with many studies noting complications between 20 and 50 %. [10] [11] [12] [13] [14] [15] A subset of patients undergoing HPB procedures will also have a prolonged hospital length of stay (LOS), and this longer LOS is associated with higher 30-day readmission rates, which, in turn, is associated with increased morbidity and mortality. 16 Previous investigations have largely focused on morbidity and mortality as the dependent variables of interest when examining differences in outcomes among HPB surgical patients. Few studies have investigated other important quality metrics such as LOS. 10, 17 In turn, most investigators have focused on procedural volume as the factor most associated with morbidity, mortality, and prolonged LOS. For example, studies on shortterm in-hospital outcomes following complex thoracoabdominal surgery have shown an association between higher hospital procedure volume and in-hospital outcomes after controlling for patient-and disease-specific factors. 9 Reduced morbidity and mortality following PD at high-volume hospitals have also been documented for pancreatectomy 18 and liver resection. 19 The risk of in-hospital complications and mortality may, however, be related to other factors not related to hospital procedure volume. In particular, teaching hospitals have fundamentally different processes of patient care as compared to nonteaching institutions, and this may have an impact on inhospital outcomes especially among patients undergoing complex surgical procedures associated with long in-hospital stays such as HPB procedures. 3 To our knowledge, no previous study has explicitly assessed the impact of teaching status on inhospital outcomes in HPB surgery. Therefore, the objective of the current study was to evaluate the impact of teaching hospital status on in-hospital morbidity, length of stay, and mortality among patients undergoing complex HPB surgical procedures, independent of procedural volume.
Methods

Data Source
We utilized the Nationwide Inpatient Sample (NIS) database, which is maintained and distributed by the Agency for Healthcare Research and Quality as part of the Healthcare Cost and Utilization Project. The NIS database is comprised of an approximately 20 % sample of the nationwide discharges from inpatient care that is designed to be maximally representative of all US hospital admissions. Sampling weights are provided to allow nationwide estimates to be made using the dataset. Patients with missing information on hospital teaching status were excluded.
Study Cohort
Using the corresponding ICD-9 procedure codes, we queried the NIS database for discharge records of patients over 18 years of age undergoing complex HPB procedures at any position within the first 15 procedure code fields-partial hepatectomy (50.22), lobectomy of liver (50.3), hepaticojejunostomy (51.37), proximal pancreatectomy (52.51), distal pancreatectomy (52.52), radical subtotal pancreatectomy (52.53), other partial pancreatectomy (52.59), total pancreatectomy (52.6), or radical pancreaticoduodenectomy (52.7). Complications were identified using ICD-9 diagnostic codes corresponding to the HCUP Clinical Classifications Software for ICD-9-CM. 20 Patient characteristics (age group, gender, race, and expected primary payer), procedural characteristics (elective vs. other), and in-hospital outcomes (length of stay, occurrence of complications, and mortality) were noted.
Outcomes of interest-length of stay, complications, and inhospital mortality-were compared between patients discharged from teaching and non-teaching hospitals within the top tertile of yearly procedure volume. Yearly procedure volume was calculated as the number of HPB procedures for each facility during the duration of the study and division of this number by the number of years a particular facility contributed data to the NIS. 17 
Statistical Analysis
Data were analyzed using SAS 9.3 (SAS Corp., Cary, NC, USA), employing the survey procedures included in the software to account for the complex survey design of the NIS, and national estimates for the USA were abstracted. Standard measures of frequencies and central tendency were calculated to summarize characteristics of patients, procedures, and in-hospital outcomes. Length of stay was summarized as medians (standard error) and compared using the extension of the non-parametric Wilcoxon test for complex survey data described by Natarajan et al. 21 Pvalue <0.05 was considered statistically significant.
Results
Description of the Cohort
Between years 2000 and 2010, there were 285,442 inpatient hospital stays linked to a complex HPB procedure. Table 1 presents the demographic and clinical characteristics of this cohort. Briefly, 51.6 % of patients were female, 59.6 % were under 65 years of age, 74.0 % were white, 77.3 % were admitted on an elective basis, and 70.5 % had a low comorbidity burden. Similar proportion of patients had government (46.4 %) and private insurance (46.7 %) as the primary payer for the hospitalization. Among all patients, 90.0 % were operated upon at hospitals in the top tertile of yearly procedure volume (>25 procedures/year); only a small fraction of patients (1.6 %) were operated upon at hospitals in the lowest tertile of HPB procedure volume (<7 procedure/year). Most procedures were carried out at teaching hospitals (81.0 %).
Yearly Trends in Overall Procedure Volumes
In the 11 years considered by the present report, patients underwent 79,448 pancreatoduodenectomies, 73,223 other pancreatic resections, 114,126 liver resections, and 25,356 hepaticojejunostomies. Figure 1 shows the national estimates of frequency of these procedures at teaching (a) and nonteaching (b) hospitals. It is notable that at teaching hospitals, the frequency of pancreatoduodenectomy increased over threefold from 3,393 procedures in year 2000 to 10,325 procedures in year 2010. Similar trends were noted for liver resections which increased from 5,302 to 13,281 over the same time period. Frequency of hepaticojejunostomies doubled between 2000 and 2010. Different trends were noted at non-teaching hospitals-procedure volume for liver resections and hepaticojejunostomy increased slightly between Ninety-seven percent of the teaching hospitals were in the top tertile of overall hospital procedure volume as compared with only 60 % of the non-teaching hospitals. Table 2 shows the differences in principal diagnoses for patients operated upon at teaching vs. non-teaching hospitals. Non-teaching hospitals were less likely to perform HPB surgery for a principal diagnosis of liver metastasis (9.9 vs. 15.0 %), liver cancer (9.9 vs. 15.0 %), benign liver lesions (1.2 vs. 2.1 %), bile duct obstruction (0.7 vs. 1.2 %), and live donor liver harvesting for transplant (0.1 vs. 1.3 %) of all HPB surgeries (all P <0.05). A smaller proportion of patients at the nonteaching hospitals had a liver resection (36.5 vs. 40.8 %; P = 0.01) and hepaticojejunostomy (6.3 vs. 9.5 %; P <0.001). Of note, 59.9 % of patients undergoing HPB procedures at nonteaching hospitals were operated upon at facilities within the top HPB procedure volume tertile compared with 97.0 % of patients undergoing surgery at teaching hospitals.
In-Hospital Outcomes at Teaching vs. Non-teaching Hospitals
Given the well-established volume-outcome relationships for complex HPB surgery, only teaching vs. non-teaching hospitals in the top tertile of overall procedural volume were examined to account for the differences in procedural volume. Table 3 presents the morbidity, mortality, and LOS for the cohort of patients operated upon only at hospitals in the top tertile of HPB volume. Patients undergoing HPB procedures at non-teaching hospitals had a higher incidence of morbidity (32.9 vs. 29.6 %, respectively), with the difference largely being attributable to the frequency of gastrointestinal (12.9 vs. 10.1 %, respectively) and respiratory complications (4.7 vs. 3.2 %, respectively) (all P <0.05). When considering overall mortality for all HPB procedures, patients at non-teaching hospitals were more likely to die during their hospital stay than at teaching hospitals (5.7 vs. 3.9 %, respectively; P < 0.001). A longer median LOS was also noted at non-teaching hospitals compared with teaching hospitals (8.6 vs. 7.7 days; P =0.01). In general, LOS was longer for patients discharged alive following a complication compared with patients who did not suffer a complication (7.1 vs. 11.8 days; P <0.001). Of note, patients suffering a complication at a non-teaching hospital had a longer LOS as compared with patients having a complication at a teaching hospital (12.6 vs. 11.4 days; P = 0.04). Table 4 presents the results of the univariate and multivariate logistic regression analysis exploring association of teaching status with in-hospital mortality among patients undergoing HPB procedures at hospitals in the top tertile of yearly procedure volume. On univariate analysis, undergoing complex HPB surgery at a non-teaching hospital was associated with an increased risk of in-hospital death (OR 1.47, 95 % CI 1.25-1.74). Other factors associated with increased risk of mortality were older patient age (OR 2.52, 95 % CI 2.26-2.80), male gender (OR 1.73, 95 % CI 1.59-1.87), higher comorbidity burden (OR 1.49, 95 % CI 1.32-1.68), non-elective admission (OR 3.32, 95 % CI 2.85-4.00), and having a complication during the in-hospital stay (2.53, 95 % CI 2.18-2.95) (all P < 0.05). In contrast, individuals with private insurance had a lower risk of in-hospital mortality (OR 0.45, 95 % CI 0.39-0.51; P <0.001). After controlling for confounding using multivariate logistic regression, compared with patients who had surgery at a teaching facility, patients undergoing complex HPB surgery at a non-teaching hospital still had a 32 % increased odds of death (OR 1.32, 95 % CI 1.11-1.58; P <0.001). Multivariate adjusted regression analysis also showed that patients operated upon at non-teaching hospitals had a 17 % higher risk of a complication (OR 1.17, 95 % CI 1.02-1.34; P =0.03). Furthermore, patients discharged alive from non-teaching hospitals had a 20 % increased risk of having a LOS >14 days (OR 1.20, 95 % CI 1.01-1.45; P =0.04).
Discussion
Over the last few decades, there has been an increase in the number of operations performed involving the liver, pancreas, and bile ducts. 22 While mortality associated with these complex HPB procedures was considerable in the past, more recently, the incidence of in-patient peri-operative death following HPB surgery has been reported to be less than 3-5 %. 18, 23, 24 Morbidity, however, remains a considerable concern as up to 20-50 % of patients may experience some type of complication following HPB surgery. 12, 14, 25 In turn, in-patient complications can lead to a prolonged hospital LOS and subsequent increased risk of readmission. 16 The Center for Medicare & Medicaid Services has increasingly required more transparent reporting of these metrics and has even tied future payments to hospitals based on some of these measures of quality, although this has yet to show any impact on patient outcomes. 26 Regardless, there has been an increasing effort toward surgical quality improvement and identification of factors affecting morbidity, mortality, and LOS. In the current study, we chose to examine patients undergoing HPB procedures as these patients often are complex, require a large amount of resources, and can experience significant morbidity. Whereas previous studies have almost exclusively focused on procedural volume relative to outcomes, we investigated the impact of teaching hospital status on mortality, morbidity, and LOS following HPB surgery. Interestingly, we found that most HPB surgical procedures were carried out at teaching hospitals (81.0 %). Furthermore, the number of HPB procedures being done at teaching hospitals increased over the time periods examined. Perhaps more importantly, we also noted that patients undergoing complex HPB surgery at non-teaching hospitals were 32 % more likely to die during their hospital stay compared with patients in teaching hospitals, even at high-volume facilities. In addition, patients at teaching hospitals also had fewer complications and an aggregate shorter LOS. Even when patients experienced peri-operative complications, LOS was significantly shorter at teaching hospitals vs. non-teaching hospitals, perhaps suggesting that teaching hospitals may be better equipped to deal with these complications. Collectively, these data are important because they strongly suggest differences in several major quality outcome metrics at teaching vs. non-teaching hospitals.
In-hospital mortality, along with other indicators such as readmission rates, is often used as a surrogate for healthcare quality.
27,28 Dimick et al. reported that hospital teaching status was associated with lower in-hospital mortality after complex surgical procedures. 9 On final analysis, the authors concluded that the difference in mortality was largely due to hospital procedure volume and not teaching status per se. However, higher patient quality care and outcomes have also been shown at teaching vs. non-teaching hospitals for a variety of other medical conditions not influenced by procedural volume. 29 With specific regard to surgical outcomes, some investigators have argued that most hospitals do not perform enough complex surgical procedures to reliably detect differences in mortality as related to healthcare quality. 30 To exclude surgical volume as a potential confounder, we expanded on the previous work by Dimick and colleagues by relating hospital teaching status with in-hospital mortality in only hospitals with high-volume HPB surgery. In the current study, we specially did not include volume in the multivariate model. In our opinion, it was not appropriate to adjust for volume in the multivariate model examining the effect of teaching status on outcome. Volume is not a confounder in the relationship between teaching status and certain outcomes such as mortality, morbidity, or LOS. Rather, teaching stay is more likely to be an intermediary in the relationship. Teaching status is highly associated with volume because teaching status has a causal relationship with volume-as teaching status correlates typically with increased volume and not the other way around. If one were to draw a DAG (e.g., drawing and analyzing causal diagrams), it would be evident that volume should not be adjusted for because it is not a confounder-it is an intermediary. Instead, we identified only high-volume hospitals and utilized aggregate data over an 11-year period. This allowed us to detect differences between teaching and non-teaching hospitals with greater accuracy.
In doing this, we showed that even at high-volume facilities, patients undergoing complex HPB surgery at nonteaching hospitals were 32 % more likely to die during their hospital stay than those at teaching hospitals. Furthermore, patients had significantly longer hospital stay, which was largely related to a higher incidence of postoperative gastrointestinal and respiratory complications.
Previous studies have suggested that the subspecialty training of surgeons practicing at teaching hospitals is associated with improved outcomes, although only one study to our knowledge has specifically looked at HPB procedures and showed no effect of subspecialization on patient outcomes. [31] [32] [33] Certainly, non-teaching hospitals are able to attract subspecialtytrained surgeons, deliver specialty-specific care, and provide the on-site staffing required to improve quality of care. However, as medical care at teaching hospitals has been shown to have an overall higher cost than non-teaching hospitals, the ability of non-teaching hospitals to provide for these extra resources may be limited. 34 Without the availability of resident physicians and other practitioner trainees whose salaries are subsidized by the government, it may be plausible to consider whether or not nonteaching hospitals can accommodate the added expense of additional trained staff sometime necessary to treat complex HPB patients. Furthermore, the subsidized cost of surgeon trainees has been shown, with proper supervision and training, to have laudable outcomes in complex HPB surgery. [35] [36] [37] By elucidating the differences in mortality, morbidity, and length of stay following HPB surgery at high-volume teaching hospitals on a national scale, the data presented herein should help in guiding referral practices of complex HPB cases and serve as a benchmark for healthcare quality improvement.
The current study has several limitations that are inherent to many studies utilizing claims and registry data in outcomes research. 38 Although errors in procedural codes cannot be completely ruled out, we specifically defined the study cohort based on procedural billing codes, which are known to be more accurate and complete compared with diagnostic codes. 39 In the current study, we also classified teaching hospitals by the HCUP designation. It is possible that hospitals did not have surgical training programs and were coded as teaching hospitals based only on non-surgical residency training programs. Several investigators have suggested, however, that teaching status per se is a surrogate for availability of multidisciplinary teams and specialty-specific patient units and services, as well as the presence of medical students, residents, fellows, and advanced practitioners typical of teaching hospitals. 8 For example, one previous study reported that adverse outcomes after colon cancer surgery were linked to the presence of cardiac and transplant services, rather than dedicated colorectal services. 40 As such, we defined our hospital cohort based on the hospital's overall teaching status designation instead of focusing on the presence of resident or fellows from one specialty.
In conclusion, patients undergoing complex HPB surgery at high-volume teaching hospitals have shorter length of stay, fewer gastrointestinal and respiratory complications, and lower in-hospital mortality compared with high-volume non-teaching hospitals. There is a need to further explore the differences between patient-, disease-, facility-, and provider-related factors leading to this discrepancy. In order to improve outcomes on a national scale, the referral patterns for complex HPB diseases must continue to focus on patients being cared for at hospitals with specialty-specific units, critical-care trained nurses, and on-site availability of multidisciplinary teams. Improvement of surgical quality needs to be a focus for all facilities providing surgical services and not isolated to teaching hospitals.
